The challenges with the molecular model of the multiquark systems are the identification of the hadronic molecules and the interaction between two color neutral hadrons. We study the di-hadronic molecular systems with proposed interaction potential as s-wave one boson exchange potential along with Screen Yukawa-like potential, and arrived with the proposal that within hadronic molecule the two color neutral hadrons experience the dipole-like interaction. The present study is the continuation of our previous study [1] . With the proposed interaction potential, the mass spectra of ΣsK 
I. INTRODUCTION
The multiquark states comes again in the focus of interest, with the discovery of the two new observations P c (4380)
+ and P c (4450) + , reported by LHCb Collaboration in 2015 [2] . Both of these states could be potential candidate of the pentaquark state. The subject of the non conventional hadrons (exotic hadrons) has been speculated since the beginning of the quark model [3, 4] . The idea of non conventional baryon composed of four quark and an anti-quark was introduced in refs. [5, 6] , while the name pentaquark was devised by Lipkin [6] .
The first claim of the pentaquark was in 2003 by LEPS Collaboration, as a Θ + s state, with suggesting the minimal quark content uudds, having the strangeness S=+1 [7] . After this claim, two other experimental groups DI-ANA [8] and CLAS [9] were found positive signatures for Θ + s . With following these positive motivation, charm and bottom analogue of Θ + s were predicted as Θ c and Θ b . Meanwhile in 2004, H1 collaboration at HERA reported the observation of the Θ c [10] . However, some experiments reported negative results regarding the status of Θ + s , Θ c and Θ b [11] [12] [13] [14] [15] . Even, some recent experimental efforts, such as E19 Collaboration at J-PARC for the search of Θ + [16] and ALICE collaboration for the φ(1869) pentaquark [17] , reported negative results. Within this situation, LHCb in 2015 has boosted the interest for the search of the multiquark states and their studies by reported promising hidden charm pentaquark states, named as P c (4380) + with mass 4380±8±29 MeV and width 205±18±86 MeV, respectively along with another state P c (4450) + with mass 4449.8 ± 1.7 ± 2.5 MeV and a narrow width 39 ± 5 ± 19 MeV. The spin-parity of these two states are been proposed [2] . The definite spin and parity for both of these states has not yet been defined.
These controversial history regarding the search and study of multiquark states, for instant pentaquark states, made the subject more fascinating from both theoretical and experimental point of view. Since various theoretical efforts have been made to understand the properties of these states, such as compact pentaquarks model [18] [19] [20] [21] , meson-baryon molecules [22] [23] [24] [25] [26] , topological soliton model [27] , kinematic rescattering effects [28] [29] [30] [31] , cups like effect [], hadroquarkonia model [32] etc. One can find some brief review articles on multiquark states including pentaquarks in Refs. [33] [34] [35] [36] , for the review on hadronic molecules, one should see ref. [37] and references therein. These theoretical efforts suggested that the study of the multiquark states required more attention to reveal the information of their substructure and nature.
The present article focus on the molecular picture of the pentaquark (meson-baryon bound states) states. The work of this article is the continuation of our previous study presented in ref. [1] . In [1] , the results of the dimesonic systems have been presented.
The aim of our study is to attempt two challenges of the molecular model:(i) interaction between two color neutral hadrons (ii) identification of the hadronic molecules from confined states. The interaction between tow color neutral states is largely unknown. The various interaction potentials have been used to explain such hadronic molecular structure [38] [39] [40] [41] [42] [43] . The hdronic molecules should close to the s-wave. Therefore, we proposed the interaction potential as s-wave One Boson Exchange Potential where the range of the force is proportional to the inverse mass of the exchange mesons. We notice that the s-wave OBE potential could not gain sufficient attractive strength for bound state, thus, we have added a screen Yukawa-like potential for additional attractive strength. This additional potential is added with a proposal that the two color neutral states experienced dipole-like interaction. The potential parameters of the s-wave OBE and screen Yukawa-like potential are fitted
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to get experimental binding energy of the deuteron. The screen parameter 'c' of screen Yukawa-like potential is the only free parameter of the model and only fitted for deuteron, while it is taken as a fixed parameter for all dihadronic calculation. With this model, the results and analysis of the meson-baryon molecular systems are presented in this article. The characteristic contributory nature of the individual s-wave meson exchange and effective s-wave OBE potential are presented in result and discussion section. The second prerequisite of hadronic molecule model, identification of the hadronic molecule, we have adopted the Weinberg's compositeness theorem and results of scattering length (a s ) and effective range (r e ) are extracted for attempted meson-baryon molecular states.
The article is organized as follows: after the brief introduction, theoretical framework and the model is introduce in the section-II, after that the results of the mass spectra of meson-baryon molecular systems are presented in section-III. The compositeness theorem and the results of the scattering length and effective range for attempted systems are presented in section-IV, finally the summary and conclusion is presented in the last section-V.
II. THEORETICAL FRAMEWORK
The Hamiltonian of di-hadronic molecule is given by
m d and m b are the masses of constituents and P is the relative momentum of two hadrons while the V hh (r db ) is the inter-hadronic interaction potential. In the variational scheme, we have used the hydrogenic trial wave function to determine the expectation value of the Hamiltonian. The di-hadronic interaction potential is given by
the term V Y (r db ) is screen Yukawa-like potential and V OBE is the s-wave One Boson Exchange (OBE) potential. The additional phenomenological screen Yukawa-like potential is used along with s-wave OBE potential to get sufficient attractive strength for bound state. For use of such potential, we have taken an approximation that two color neutral hadrons experienced the dipole-dipole like interaction, where it could be either permanent dipole or induced dipole in which the latter one is weakest. The screen Yukawa-like potential expressed as
here, c is a screen fitting parameter of the potential while K mol is the residual running coupling constant, namely
where
, m d and m b are constituent masses, M B =1 GeV, Λ Q is QCD scale parameter, respectively. The term n f is number of flavour [44, 45] . This effective coupling constant has introduced to incorporate the asymptotic behavior at short distance as well as to reduce the free parameter of the model.
The light mesons under consideration for the OBE Potential are as follows [38] :
The OBE potential is sum of the all one meson exchange, namely
The OBE potential with finite size effect due to extended structure of the hadrons can be expressed as [38] 
where α = π, η, σ, δ, ω and ρ mesons, while
the subscript α tends for mesons (π, η, σ, δ, ω and ρ) /Λ α 1, thus =10 MeV is an appropriate choice. Hence, the individual meson exchange potential with finite size effect can be expressed as [38] V ps (r db ) F = 1 12 
The net s-wave OBE potential with finite size effect can be expressed as 
The overall contribution form OBE is very less due to its delicate cancellation with each other. However, two points should be noted on the overall contribution (attraction/repulsion) of the OBE potential: (i) its contribution is strongly related to the coupling constant of the each individual meson exchange and (ii) it depends on the spin-isospin channels.
The parameters of the model are as follows: (i) hadron masses (ii) coupling constant of the exchange mesons (iii) regularization parameter Λ α (iv) residual running coupling constant k mol (v) color screening parameter c.
The masses of the hadrons and exchange mesons are taken from the PDG [47] . The coupling constant of the exchange mesons and regularization parameter Λ α are obtained from refs. [38, 46, 48, 49] , also tabulated in Table- I. The estimates of the coupling constants of OBE potential are given in the most of the realistic potentials [38, 46, 48, 49] which were developed to reproduce NNphase shift data and to explain the deuteron properties. Hence, we have taken them same as estimated in Refs. [38, 46] and approximated the meson-hadron coupling constant for other hadronic molecular cases as
where g αhh and g αN N are the meson-hadron and mesonnucleon coupling constants, respectively. Thus, the masses, exchange meson coupling constant and Λ α are the fixed parameters and obtained from Refs. [38, 46, 47] , also tabulated in Table-? ? & I. Apart from these, the residual running coupling constant k mol is calculated by using Eq.(4), and calculated values for attempted dihadronic systems are tabulated in Table- II. The color screening parameter 'c' is the only free parameter of the model and we fitted it to get the empirical value of binding energy of the deuteron. For c=0.0686 GeV, we obtained the binding energy of the deuteron. Hence, we took it as a constant and have not changed for any further calculations of the di-hadronic molecules.
In Fig.-1 the characteristic nature of the one meson exchange of OBE potential and in Fig-3 net OBE, Yukawa screen like and effective potential are shown. We can see from the Fig-1(a) &(b) that the all individual meson exchange diminish exponentially at large distance, in which the pion exchange which is being the lightest me-TABLE III: Mass spectra of proton-neutron (deuteron) and neutron-neutron bound system. 
meson effectively contribute at short range. In the case of deuteron, from Fig-1 (a), we can see that the pion, sigma and rho meson exchanges are attractive while eta, a 0 (or δ) and omega exchanges are repulsive. The net effective contribution of the s-wave OBE potential is shown in Fig-2 . From Fig-2 , we can see that in the case of p-n bound state the net effective s-wave OBE potential is very shallow attractive near 3 fm to 6 fm while the potential is repulsive in case of neutron-neutron system. The overall contributory nature of s-wave OBE potential along with screen Yukawa-like and net effective potential can be seen in the Fig-3 (a) (b). Fig-3 (a) shows very shallow attractive strength at large distance while the net effective potential shows attractive strength near 4 fm due to influence of the attractive Yukawa-like screen potential. Similarly, Fig-1(b) shows the meson exchange behavior in the case of the n-n system. In general, the attractive and repulsiveness of the s-wave one meson exchange potentials are depends on their isospin-spin channels. We can see from Fig-3(b) that the net OBE potential is repulsive at short distance and exponentially diminish at long range. Even, under the influence of the attractive Yukawa-like potential, the net effective potential get almost zero strength or just above the zero, while it is repulsive at short range. As a result, the Fig-3(b) shows that the resultant potential leads n-n systems unbound. In the Table-III, the binding energy of the pn (deuteron) and nn bound states are tabulated by using c=0.0686 GeV with other fixed parameters which are already discussed in above section. The calculated binding energy is in agreement with experimental value 2.224 MeV whereas the obtained mean square root radius is nearly about 3 fm while the expected is near 2.1 fm.
III. MASS SPECTRA OF MESON-BARYON SYSTEMS
We have calculated the mass spectra of the Σ s,c,b Fig-4 , the spin-isospin channel (S,I) = (5/2, 1/2), (3/2, 1/2) and (1/2, 3/2) gets attractive strength near 4-6 fm. Among these three channels, the channel (S,I) = (5/2, 1/2) seems strongest attractive channel. Whereas, the Fig-5 shows that the spin-isospin channel (S,I) = (3/2, 0) and (5/2, 0) channels are attractive. Indeed, with s-wave OBE interaction, all theses attractive channels provides the probabilities to get bound states with these specific spin-isospin combination, provided that these attractive strength should strong enough to overcome kinetic energy repulsion. In the present study, to get bound state of the proton-neutron (deuteron) system, the s-wave OBE potential do not get sufficient attractive strength, hence, we need some additional attractive strength to get bound state. Thus, we have incorporated screen Yukawa-like potential along with s-wave OBE potential. All the potential parameters are tuned for deuteron experimental value of binding energy and taken same for all other calculations. The interesting graphs of one meson exchange potential and comparative plots of screen Yukawa-like potential, net s-wave OBE potential and total effective potential are presented in the appendix.
The bound states of the di-hadronic systems with a baryon Σ and a mesons K * , D * and B * are calculated, and the results are tabulated in the Table-IV, V and VI. The strength and contribution of the s-wave OBE potential is the delicate cancellation of the individual meson exchange, hence, the Yukawa-like screen potential shows large impact on the net effective interaction potential, where this potential is sensitive to the parameter c (which is fixed at c=0.0686 GeV) and the value of residual coupling constant k mol (which is tabulated in Table-II) . Thus, the results are found sensitive to the Yukawa-like screen potential.
The bound states of Σ s,c,b − K * are found in (I,S) = (1/2, 3/2), (1/2, 5/2) and (3/2, 1/2) channels. In the relatively heavier system Σ c,b − K * , the channels (3/2, 3/2) and (3/2, 5/2) are also found bound, even, in the Σ b −K * system the channel (1/2, 1/2) is obtained bound [47] which are also listed in Table-? ?. Here, µ is variational parameter. I (isospin), G (G-parity), J (total angular momentum), Q (charge) and P (parity) are quantum numbers of the respective meson and baryon.
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MeV MeV fm The meson-baryon molecular systems have also been studied by others [22] [23] [24] [25] [26] 50] . In Ref. [22] , authors were predicted the bound states of molecular pentaquark within one pion exchange framework for possible (I, J P ) combination. For set of values of regularization parameter, they were found binding energy between 1 MeV to 9 MeV. Our results are in agreement with results of Ref. [22] . In Ref. [23] , within one boson exchange scheme, the strange hidden-charm pentaquarks was in- [47] which are also listed in Table-? ?. Here, µ is variational parameter. I (isospin), G (G-parity), J (total angular momentum), Q (charge) and P (parity) are quantum numbers of the respective meson and baryon.
[ [25] studied P c (4380) and P c (4450) states as pentaquark states in the molecular picture with QCD sum rules, moreover, they have predicted hidden bottom pentaquark states in [24] as possible partner of these states. These two new states as P c (4380) and P c (4450) with the preferred J P assignments are of opposite parity, with one state having spin [47] which are also listed in Table-? ?. Here, µ is variational parameter. I (isospin), G (G-parity), J (total angular momentum), Q (charge) and P (parity) are quantum numbers of the respective meson and baryon.
[ in 2015 by LHCb-collaboration [2] . In the present formalism P c (4450) is identified as Σ c − D * molecular pentaquark with (I,S)=( [47] which are also listed in Table-? ?. Here, µ is variational parameter. I (isospin), G (G-parity), J (total angular momentum), Q (charge) and P (parity) are quantum numbers of the respective meson and baryon.
[ ( 1 2 ( 1 2 [47] which are also listed in Table-? ?. Here, µ is variational parameter. I (isospin), G (G-parity), J (total angular momentum), Q (charge) and P (parity) are quantum numbers of the respective meson and baryon.
[ ( 1 2 ( 1 2 predicted binding energies in the range from 0.5 to 15 MeV. Our results of binding energies for these isospinspin channels are in agreement with reported in Ref. [23] . These results are shown very interesting near threshold bound states possibilities.
IV. RESULTS OF as AND re FROM COMPOSITENESS THEOREM
In the Sixties, Weinberg [51] suggested in a sophisticated way that the deuteron were a composite particle. In his novel work, he tried to show an elegant modelindependent way to identify whether a particle is in a bare elementary state or in a composite state. The conclusion was based on a generalization of Levinson's theorem which gives the formulas for scattering length a s and effective range r e in terms of Z, where Z is the "field renormalization" constant [51] , [47] which are also listed in Table-? ?. Here, µ is variational parameter. I (isospin), G (G-parity), J (total angular momentum), Q (charge) and P (parity) are quantum numbers of the respective meson and baryon.
[ ( 1 2 ( 1 2 where R is the size of the molecular or composite state and is determined by R ≡
, here, is the binding energy and µ is the reduced mass of the composite system (note that we chose binding energy positive for Eq. (14), the bound state is located at = -). The O(1/β) is the range correction and β is the inverse range of the force and could be calculated if one know the information of the interaction and it is expected to be of the order of magnitude of the inverse of the mass of the exchange particle, in some extent, it is expected to be m −1 π 1.41 fm. In order to determine the state of the particle as in a bare elementary or in a composite state, Weinberg argued that the renormalization constant Z take the value 0 ≤ Z ≤ 1. If Z=0 then the particle is in a pure composite state while for Z=1 it becomes a purely elementary.
for Z=0 (deuteron as a composite particle), Eq(1) becomes a s = R and r e = O(1/β) which is in agreement with the experimental vales : a s = +5.41 fm, r e = +1.75 fm. for deuteron binding energy = 2.22457M eV ⇒ √ 2µ = 45.7M eV = 0.23 f m −1 . In contrast, if the deuteron has a significant probability Z (> 0.2) of being found in an elementary (confined) state then a s would be less than R, and r e would be large and negative which would be in contradict with experimental values.
The results of the scattering length (a s ) and effective range (r e ) are obtained by using Eq (14) .The results of a s and r e for meson-baryon systems, by using the calculated binding energy are shown in the Table-X. The state P c (4450) for which the calculated binding energy is underestimated about few MeV, while with the expected binding energy (10.92 MeV) the effective range gain negative value from Z=0.6. The expected binding energy is almost close to its natural energy scale which is about 9 MeV if it has Σ c D * in its substructure. The large scattering length and positive r e for Z→0 and binding energy near to expected natural energy scale for P c (4450) are indicating molecular structure of the state.
V. DISCUSSION AND SUMMARY
In this chapter, we have used the s-wave One Boson Exchange (OBE) potential. We have discussed the characteristic contribution of the individual s-wave one meson exchange potential to the net s-wave OBE potential in respective isospin-spin channels. The strength and contribution of the s-wave OBE potential is the delicate cancellation of the individual meson exchange, hence, the Yukawa-like screen potential shows large impact on the net effective interaction potential, where this potential is sensitive to the parameter c (which is fixed at c=0.0686 GeV) and the value of residual coupling constant k mol . Thus, the results are found sensitive to the Yukawalike screen potential. We have proposed this additional Yukawa-like screen potential to get additional attractive strength with approximation that the two hadrons are experienced the dipole-like interaction.
With the effective interaction potential, we are able to calculate the mass spectra of meson-baryon and di-baryon (antibaryon) molecular states.
The obtained results have predicted some interesting molecular pentaquark and hexaquark states with open as well as hidden flavour (strange, charm, bottom), such as Σ s,c,b It is interesting to see the s-wave one meson exchange contribution to the OBE interaction potential, which is shown in the Fig-6 when effective s-wave OBE, Yukawalike screen and net effective potential shown in Fig-7 . The graphs are plotted for all possible isospin-spin channels.
We can see from Fig-6 that in all possible isospin-spin channels, the s-wave σ-exchange potential is an attractive in nature while the s-wave ω-exchange is repulsive.
The behavior of s-wave π-exchange potential is repulsive in (I,S)=(1/2, 1/2) and (3/2, 5/2) channels when it is an attractive in other channels, moreover it seems relatively strong attractive in (I,S)=(1/2, 5/2) channel.
We can see from the figure that the strength of the swave η and ρ meson exchange are relatively week. However, the η-exchange is an attractive in (I,S)=(1/2, 1/2), (3/2, 1/2) and (1/2, 3/2) channels while ρ-exchange is an attractive in (3/2, 1/2),(1/2, 3/2) and (1/2, 5/2) channels.
The scalar s-wave δ-exchange (which is also known as a 0 -exchange) is attractive in (I,S)=(3/2, 1/2), (3/2, 3/2) and (3/2, 5/2) channels while its strength is seems relatively weak compared to s-wave σ-exchange. From Fig-7 , we can see the behavior of the net s-wave OBE potential, Yukawa-like screen potential and net effective potential in possible isospin-spin channels.
It can be seen from Fig-7 that the strength of the net effective potential highly influenced by attractive Yukawalike potential.
The effective s-wave OBE gets attractive in (I,S)=(1/2, 5/2), (1/2, 3/2) and (3/2, 1/2) channels, in which (1/2, 5/2) channel get more attractive depth than (1/2, 3/2) channel while channel (3/2, 1/2) being the weakest attractive channel.
However, these attractive channels of s-wave OBE get depth around 4-6 fm.
Thus, even pure s-wave OBE have a possibilities of shallow bound states in these particular channels.
Moreover, the attractive Yukawa-like potential have shown high impact on net effective interaction potential which reflect in the calculated results. 
